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INTRODUCTION

Figure of merit in RF cavities is R/Q, shunt impedance over

uality factor: : oo
A R, V2, ([JE.&%%dz)"

Q. wU wU
« Calibrated perturbing objects allow for absolute
measurements

« R/Q measured for different types of structures
» Travelling wave: confirm monopole R/Q
« Standing wave: Longitudinal higher order modes
(HOMSs) increase energy spread

APS Linac Cavity

2 Argonne 6




THEORETICAL BACKGROUND

Given a cavity with resonant frequency w,, change in frequency due to
perturbation of the cavity is given by

Aw [, (AeE - E5 + AuH - HY) - dV

Wy 4U

This can be represented by

Aw 1 2
CU_O i (FlE + FzE + F3H” + F4H_L)

However, transmission coefficient phase shift is used for its greater accuracy

Aw 1 tan Ads,
o N g tan (Agn) = o %EO( / dz\/ 0. Fl)
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SIMULATION AND ANALYTICAL APPROXIMATIONS

« Simulations carried out in Poisson Superfish (SF) and CST Microwave
Studio (MWS)
» Superfish allowed for greater precision and accuracy
« MWS did not have geometric limitations
« Simple geometries such as spheres do not isolate components
» Ellipsoidal approximations are done for rods and needles
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Pillbox Simulation with Sphere

Rod Simulation Results
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EXPERIMENTAL TEST CAVITIES

» Pillbox cavities are easily simulated to find energy and fields to calibrate beads
« L-Band and S-Band cavities used

« L-Band: Single cell cavity, less precisely machined

« S-Band: 2 cell cavity, lacked exact dimensions

@ v --m---

Cylindrical beads used with length of 5 mm

1.7 GHz Pillbox
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FORM FACTOR MODE SELECTION

» To measure different form factors, different field components needed to
be isolated on axis

Aw 1 2 2 2 2
w_O =4 (HE“ + KE| +P3H" + F4HY

E-Field used to measure F2

E-Field used to measure F1




LONGITUDINAL ELECTRIC FORM FACTOR

Bead | Length (mm) | Radius (mm)
§$ ; ; 0"? - Needle Longitudinal Electric Form Factor
Rod 3 5 1.25 a9}
Rod 4 5 2
Needle 1 5 0.425 sgir oL
Needle 2 5 0.5
Needle 3 5 0.75 2x1070
DE Rod 1 5 15 o F; Needle Measured
DE Rod 2 5 2 15x10° 10 F + F; Needle Simulation
DE Rod 3 5 25
Sphere N/A 2.35 1x109f
Bead Dimensions where DE stands for Dielectric sx102
0.0‘002 0.0:304 0.02)06 0.0‘008 O.O(I)‘IO fiedin (m)
Bead  |Measured F, |Simulated F; | Error
Rod Longitudinal Electric Form Factor
Rod 1 1.079 120  [9.78% et
Rod 2 3.0123 2.90 3.70% '
Rod 3 3.567 3.65 2.32%
Rod 4 6.316 6.20 1.85% ax1079t
Needle 1 1.441 1.42 1.52%
Needle2|  1.768 163 [8.77% Bl
Needle 3 2.095 2.11 0.75% el
DE 1 1.573 1.59 1.17%
DE 2 2.554 2.69 5.16% w19}
DE 3 3.733 3.97 5.88% :
Sphere 3.665 3.540 3.70%
S + L Radius (m)

Needle (top) and Rod (bottom) F1 plotted against bead radius
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TRANSVERSE ELECTRIC FORM FACTOR

Bead  |Measured F, |Simulated F, | Error
Rod 1 0.201 0.156 28.7%
Rod 2 0.802 0.888 9.67%
Rod 3 1.204 1.468 17.9%
Rod 4 3.877 4425 12.4%
Needle 1 0.134 0.141 4.29%
Needle 2 0.201 0.188 7.16%
Needle 3 0.402 0.459 12.4%
DE 1 1.069 1.337 20.0%
DE 2 2.006 2.472 18.9%
DE 3 3.276 4.026 18.6%
Sphere 3.475 3.659 5.02%

Rod Transverse Electric Form Factor

e F; Rod Measured

» F; Rod Simulation
2x1070F

Needle Transverse Electric Form Factor

* F; Needle Measured
« F; Needle Simulation
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TRANSVERSE MAGNETIC FORM FACTOR

Rod Transverse Magnetic Form Factor

Bead  |Measured F; | Simulated F; | Error
Rod 1 —-2.193 —2.601 15.7% « Fi Rod Measured
Rod 2 —8.655 -9.541 9.28% Lo il S
Rod 3 -12.97 -15.25 14.9%
Rod 4 —34.62 =-33.97 [1.90%
Needle 1 —1.454 -1.729 15.9%
Needle 2 —2.885 —3.053 5.5%
Needle 3 —4.316 —6.241 30.8%
Sphere —25.96 —24.27 7.0%
Needle Transverse Magnetic Form Factor

* F4 Needle Measured

* F4 Needle Simulation
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LABVIEW PROGRAM

B-Pull Modal Parameters

Phase

9.0

=

| i I |
200 250 300 350

0 v
100 150
Step

10

Description
Continuous Q loaded Total Cells Bead Pull Parameters Bead Type Input File T?rmperaltulroee: S
A Al unnel- g
@ 7 10000 L Radius (mm) Length (mm)  [CRERNE (* ) H20 - (11320, 111.65),
Dist (mm) Avg Pts 1235 o5 RTD - (112.64,112.63,112.73,112.12) Tuning
A A v 4 Needle Avg - ~112.67 i i
340 3; 2 . Rod EataFPts Hur.ngidity' 00; Assistant (not implemented)
: : st of er Fre )
Step (mm) scale Factor e A 5 ) A < Notes: Additional Lab Fregs adjusted for -1.0 Fand +1.0 F
10 o 100324 L 732 Disk g M from 106.5 F tunnelfreq Cell# Cell Span
76 a3
Motor Ctrl v
Xenus Fa= (R ine V.
Initialize — Step # Total Steps Baselmg Values Cell Length Center Cell £1
Disable Enable - 35 35 , B A A
ol i Calc Lab Freq Set Freqs — Re: J 0 I—-0‘155872 534389 Hes
») ( ») [ .) ¢ .) Xenus Motor Params ’F\{:t:m Baseline Im: P
SetZero  coune .  f0xcb 500000 velocity ICioH 90 |-000439959 Note: Input cellis %0
o s Baseline Values s 0xcc1000  accel o _ s
S ) W ~ s 0xcd 100000 decel = =]
@ sxce1000  jerk e=dme / KT
Field
Efield || Efield Perp Hfield I Hfield Perp
1.00E+0-)
8.00E-1-
6.00E-1-]
4.00E-1-
2.00E-1-]
g g g
£ £ 000E+0- =
-2.00E-1-]
i -
-6.00E-1-|
. Hii
-1.00E+0-7 i | | g
0E+0 1E+1 2E+1 3E+1 4E+1
Step Step
Efield Steele

« Transmission phase data used to
create field profiles

» Different beads create different
profiles for the same modes

* Field profiles used to match with
modes from simulation
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ELECTRICAL AXES FROM DIPOLE MODE

» Dipole mode used to locate electrical center of cavity, as dipole R/Q is
normalized with displacement from center

Dipole mode used to find center for accurate HOM R/Q measurements
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TRAVELLING WAVE STRUCTURES

* For multiple cell cavities, phase advance must be taken into account

5 - gl e

* First do a bead-pull to extract phase advance per cell

Reflection coefficient (left) and Phase Advance vs. Cell (right)

A0 g

Combine this with transmission phase for R/Q
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SF Simulation showing phase advance
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R/Q progresses uniformly from cell to cell once phase advance is taken into account Argonne &



STANDING WAVE STRUCTURES

« HOMs in Storage Ring (SR) cavities cause
instabilities

« TE HOMSs cause beam blow-up and eventual beam
loss

» Longitudinal HOMs cause energy spread in beam
and are of particular interest for MBA

* Our bead-pulls determine which HOMs are
problematic
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Monopole mode in SR Cavity
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HOM CLASSIFICATION

Frequency (MHz) | Measured | Simulated | Error
352 225.3 226.4 0.5%
535 100 818 [222%
916 8.66 9.1 4.8%
938 8.36 6.6 26.7%

225106~

1.25.10°

2.5.10°

HOM at 535 MHz with measured and simulated data
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HOM CLASSIFICATION (CONT’D)

ST
45000
A0t
35000
ERT
2500
200° -

15000

HOM at 938 MHz
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FUTURE PLANS

* Find better way to couple to HOMs

« Extend methodology to be able to analyze other scattering matrix elements

b = anctan({ L o10)5) ()] = o VISu @]

« Compare test SR cavity to other SR cavity resonances to see
identify problematic longitudinal HOMs
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QUESTIONS?
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